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Abstract 
 
 Raman spectroscopy complimented with infrared spectroscopy has been used 
to study the mineral stitchtite, a hydrotalcite of formula Mg6Cr2(CO3)(OH)16.4H2O.  
Two bands are observed at 1087 and 1067 cm-1 with an intensity ratio of ~2.5/1 and 
are attributed to the symmetric stretching vibrations of the carbonate anion. The 
observation of two bands is attributed to two species of carbonate in the interlayer, 
namely weakly hydrogen bonded and strongly hydrogen bonded.  Two infrared bands 
are found at 1457 and 1381 cm-1 and are assigned to the antisymmetric stretching 
modes. These bands were not observed in the Raman spectrum.  Two infrared bands 
are observed at 744 and 685 cm-1 and are assigned to the ν4 bending modes.  Two 
Raman bands were observed at 539 and 531 cm-1 attributed to the ν2 bending modes.  
Importantly the band positions of the paragenically related hydrotalcites stitchtite, 
iowaite, pyroaurite and reevesite all of which contain the carbonate anion occur at 
different wavenumbers. Consequently Raman spectroscopy can be used to distinguish 
these minerals, particularly in the field where many of these hydrotalcites occur 
simultaneously in ore zones. 
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Introduction 
  
A group of minerals exist which are known as hydrotalcites or anionic clays. 
These clay minerals are often of a very small particle size. It has been said that the 
minerals are rare, but such a comment is questionable since large deposits exist in 
Australia, mixed with other minerals through complex paragenic relations.  These 
anionic clays are more widespread than is commonly believed. Among the common 
hydrotalcites are hydrotalcite, takovite, carrboydite, reevesite, honessite, pyroaurite, 
iowaite and stichtite. Hydrotalcites are found in deposits of minerals in Australia 
where quite complex paragenic relationships between minerals exist. The discovery of 
large amounts of natural hydrotalcites at Mount Keith in Western Australia means that 
these minerals may be mined for specific applications [1] . Further a wide range of 
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hydrotalcites based on sulphate, chloride and carbonate have been found in the MKD5 
Nickel deposit, Mount Keith, Western Australia (Details from Dr Ben A. Grguric, 
Senior Project Mineralogist, Western Mining Corporation) [1]. In order to understand 
the complex relationships between iowaite/pyroaurite, stichite/woodallite and 
hydrotalcite/mountkeithite series, it is necessary to study the synthetic minerals, in 
this case stitchtite.  Stitchtite is often found in association with serpentinite deposits 
with associated chromate. Such a pargenetic relationship is found at Stitchtite Hill, 
Dundas, Tasmania, Australia.  The mineral is a very distinct pink to purple colour. 
Interestingly other hydrotalcite minerals such as iowaite can have similar colours. The 
mineral is named after Robert Carl Sticht, a mining engineer and manager of Mount 
Lyell Railway and Mining Company of Tasmania from 1897 to 1922.  He is 
renowned for the invention of pyrite smelting. 
 
 Interest in the study of these hydrotalcites results from their potential use as 
catalysts, adsorbents and anion exchangers [2-6].  The reason for the potential 
application of hydrotalcites as catalysts rests with the ability to make mixed metal 
oxides at the atomic level, rather than at a particle level. Such mixed metal oxides are 
formed through the thermal decomposition of the hydrotalcite [7, 8].  The minerals at 
Mount Keith may have economic value for these purposes. Hydrotalcites may also be 
used as a components in new nano-materials such as nano-composites [9].  
Incorporation of low levels of hydrotalcite into polymers enables polymeric materials 
with new and novel properties to be manufactured.  There are many other uses of 
hydrotalcites. Hydrotalcites are important in the removal of environmental hazards in 
acid mine drainage [10, 11].  Hydrotalcites may also be used as anion exchangers. 
Hydrotalcite formation  also offer a mechanism for the disposal of radioactive wastes 
[12].  Hydrotalcite formation may also serve as a means of heavy metal removal from 
contaminated waters [13].  An important study of these hydrotalcites is the vibrational 
spectroscopy as this information provides concepts on the molecular structure of 
stitchtite. 
 
Experimental 
Synthetic Minerals 
 
Stichtite was synthesised by the co-precipitation method.  Two solutions were 
prepared using boiled ultrapure water, solution 1 contained 2M NaOH and Na2CO3, 
and solution 2 contained 0.75M Mg2+ (Mg(NO3)2.6H2O), together with 0.25M Cr3+ 
(as (CrCl3.9H2O)) . Solution 2 was added to solution 1 using a peristaltic pump at a 
rate of 40 cm3/min, under vigorous stirring, in a sealed nitrogen vessel, maintaining a 
pH of 10. The precipitated minerals are washed at ambient temperatures thoroughly 
with boiled ultra pure water to remove any residual salts.  The composition of the 
stitchtite was checked by electron probe analyses.  The phase composition was 
checked by X-ray diffraction. 
 
Raman microprobe spectroscopy 
 
The crystals of the stichtite mineral was placed and orientated on the stage of 
an Olympus BHSM microscope, equipped with 10x and 50x objectives and part of a 
Renishaw 1000 Raman microscope system, which also includes a monochromator, a 
filter system and a Charge Coupled Device (CCD). Raman spectra were excited by a 
HeNe laser (633 nm) at a resolution of 2 cm-1 in the range between 100 and 4000  
cm-1.  Repeated acquisition using the highest magnification was accumulated to 
improve the signal to noise ratio. Spectra were calibrated using the 520.5 cm-1 line of 
a silicon wafer. In order to ensure that the correct spectra are obtained, the incident 
excitation radiation was scrambled.  Previous studies by the authors provide more 
details of the experimental technique. Spectra at controlled temperatures were 
obtained using a Linkam thermal stage (Scientific Instruments Ltd, Waterfield, 
Surrey, England).  Details of the technique have been published by the authors [14-
19].  
 
Infrared spectroscopy 
 
Infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer 
with a smart endurance single bounce diamond ATR cell.  Spectra over the 4000 to 
525 cm-1 range were obtained by the co-addition of 64 scans with a resolution of 4 
cm-1 and a mirror velocity of 0.6329 cm/s.  
 
Spectracalc software package GRAMS. Band component analysis was 
undertaken using the Jandel ‘Peakfit’ software package, which enabled the type of 
fitting function to be selected and allows specific parameters to be fixed or varied 
accordingly. Band fitting was done using a Gauss-Lorentz cross-product function with 
the minimum number of component bands used for the fitting process. The Gauss-
Lorentz ratio was maintained at values greater than 0.7 and fitting was undertaken 
until reproducible results were obtained with squared regression coefficient of R2 
greater than 0.995. 
 
 
Results and discussion 
 
 Only a very limited number of Raman studies have been reported so 
far on the interlayer carbonate anion in hydrotalcites.  Takovite 
Ni6Al2CO3(OH)16.4H2O is an example of a naturally occurring hydrotalcite with 
carbonate as the interlayer anion. Others include takovite, reevesite, pyroaurite and 
hydrotalcite. When the carbonate species is present as a free ion not involved in any 
bonding it will exhibit a space group of D3h. In the Raman spectrum one will observe 
ν1(A’1), ν3(E’) and ν4(E’).  As a result three bands, the bending non-planar mode 
ν2(A”2), the anti-symmetrical stretching mode ν3(E’) and the bending angular mode 
ν4(E’), will be observed in the infrared spectrum around 880, 1415 and 680 cm-1, 
while the symmetric stretching mode ν1(A’1) is infrared inactive. However, changes 
can be expected when the carbonate ion is intercalated in the hydrotalcite structure as 
it will be affected by interactions with interlayer water molecules and/or OH-groups 
from the hydrotalcite layers. In comparison with free CO32- a shift towards lower 
wavenumbers is generally observed. Interaction between interlayer water molecules 
and the carbonate ion is reflected by the presence in the OH-stretching region of the 
infrared spectrum around 3000-3100 cm-1 
 
The Raman and infrared spectra of stitchtite are shown as a composite in 
Figure 1.  The results of the spectroscopic analysis are reported in Table 1.  The 
Raman spectrum shows two intense overlapping bands at 1087 and 1067 cm-1.  These 
bands are assigned to the ν1 symmetric stretching mode of the (CO3)2- units.  The 
observation of two bands assigned to the carbonate anion indicates two types of 
carbonate anions (a) free or weakly hydrogen bonded and (b) strongly hydrogen 
bonded. The band at 1087 cm-1 is assigned to the strongly hydrogen bonded carbonate 
anion. The intensity ration of the two carbonate anions is 16.29/6.64. This ratio of 
~2.5/1. This indicates that the strongly hydrogen bonded carbonate predominates.  
The shift towards lower wavenumbers indicates a loss of freedom compared to free 
CO32- and as a consequence a lowering of the carbonate symmetry from D3h to 
probably C2s or Cv. The Raman spectrum of pyroaurite displays an intense Raman 
band at 1060 cm-1 with a low intensity band at 1047 cm-1.  The position of this band 
may be compared with the values for witherite and cerrusite where positions of 1063 
and 1053 cm-1 are observed. The observation that the different hydrotalcites have 
different band positions for the  CO32-  symmetric stretching modes means that Raman 
microscopy can be used to distinguish the different hydrotalcites such as takovite, 
iowaite, pyroaurite. No Raman bands are observed at around 1350 cm-1 which would 
be attributed to the antisymmetric stretching vibrations.  In the infrared spectrum only 
a single band is observed at 1076 cm-1. This band is only observed through scale 
expansion 50 times. The band is attributed to the forbidden symmetric stretching 
mode.  The infrared spectrum of the 1150 to 1750 cm-1 region is shown in Figure 2.  
Three bands are observed at 1644, 1457 and 1381 cm-1.  The first band is assigned to 
the HOH water bending mode. The latter two bands are attributed to the ν3 CO3 
antisymmetric stretching vibrations. Bands are observed for pyroaurite in the infrared 
spectrum at 1542, 1384, 1348 and 1243 cm-1.  These frequencies may be compared 
with those of aragonite where bands are observed at 1466 and 1464  
cm-1; strontiantite at 1450 and 1400 cm-1.   As a result of this symmetry lowering the 
infrared inactive ν1 mode will be activated. Indeed, a weak infrared band has been 
observed around 1050-1060 cm-1. 
 
 Two bands are observed at 744 and 685 cm-1 in the infrared spectrum of 
stitchtite (Figure 3).  For pyroaurite a band is observed at 707 cm-1 and is attributed to 
the ν4 mode.  These two bands are assigned to the ν4 bending mode.  The fact that two 
bands are observed is an indication of two carbonate species in the interlayer.  A band 
is observed in the infrared spectrum at 574 cm-1 attributed to the ν2 mode. In the 
Raman spectrum, this band was observed at 539 cm-1 with a second band at 531 cm-1.  
The ratio of the intensity of these two bands is 2.3/1, a value which is similar to that 
obtained for the two symmetric stretching modes.  The Raman spectrum of iowaite 
shows an intense band at 527 cm-1. The synthetic iowaite shows a band in the same 
position. The air oxidised iowaite shows two bands at 547 and 484 cm-1.   The 
synthetic pyroaurite also has an intense band at 527 cm-1.   These bands are attributed 
to attributed to the (CO3)2- ν2 bending mode.  Two bands are observed at 909 and 861 
cm-1(Figure 3).  One possible assignment is to ascribe these bands to MOH bending 
modes where M is Mg or Cr.  A large number of low intensity bands are observed in 
the Raman spectrum between 200 and 366 cm-1. The attribution of these bands is 
difficult except to assign the bands as lattice modes.  An intense band is observed at 
153 cm-1 and may be assigned to a CrO stretching vibration.   
 
 The infrared spectra of stitchtite of the hydroxyl stretching region are shown in 
Figure 4.    In brucite type solids, there are tripod units M3OH with several metals 
such as M, M’, M”.  In hydrotalcites such as those based upon Ni and Mg of formula 
MgxNi6-xCr2(OH)16(CO3).4H2O, a number of statistical permutations of the M3OH 
units are involved.  These are Mg3OH, Ni3OH, Cr3OH and combinations such as Mg2 
NiOH, Ni2MgOH, Mg2 CrOH, Cr2MgOH, Cr2 NiOH, Ni2CrOH, and even 
MgNiCrOH.  These types of units will be distributed according to a probability 
distribution according to the composition.  In this model, a number of assumptions are 
made, namely that the molecular assembly is random and that no islands or lakes of 
cations are formed.  Such assembly is beyond the scope of this work but needs to be 
thoroughly investigated.  In the simplest case namely Mg6Cr2(OH)16(Cl,CO3).4H2O 
the types of units would be Mg3OH, Mg2CrOH, MgCr2OH and Cr3OH.  A similar 
situation would exist for the Ni6Cr2(OH)16(Cl,CO3).4H2O hydrotalcite.  In a 
somewhat oversimplified model, for the Mg6Cr2(OH)16(CO3).4H2O hydrotalcite, the 
most intense bands would be due to the Mg3OH, Mg2CrOH and Cr3OH bands. Three 
infrared bands observed at 3618, 3529 and 3408 cm-1 may be assigned to these 
vibrations.  The two bands observed at 3220 and 2960 cm-1 must be assigned to water 
OH stretching bands.  The latter band is due to the water hydrogen bonded carbonate.   
For pyroaurite infrared bands are observed at 3620, 3558, 3433, 3278, 3094 and 2840 
cm-1. 
 
 
Conclusions 
 
 The mineral stitchtite has been synthesised and its vibrational spectroscopy 
compared with other hydrotalcite minerals including iowaite and pyroaurite.  The 
synthesised stitchtite was found to be of formula Mg5.78Cr2.09(CO3)(OH)16.4H2O and 
may be compared with that of natural stitchtite Mg6Cr2(CO3)(OH)16.4H2O.  The 
minerals stitchtite, iowaite, pyroaurite and reevesite can all occur in the same mineral 
zone and often quite complex paragenic relationships exist between these minerals. 
Vibrational spectroscopy in particular Raman spectroscopy can be used to distinguish 
between these minerals since the position of the carbonate bands depends on the 
mineral type. 
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Table 1 Results of the Raman and infrared spectral analysis of stichtite 
 
Raman 
Band Centre 
(cm-1) / Intensity 
(%) 
Infrared 
Band Centre 
(cm-1) / Intensity 
(%) 
 3618 / 1.87 
3529 / 2.97 
3408 / 16.56 
3220 / 27.14 
2960 / 26.47 
 1644 / 2.47 
 1457 / 12.15 
1381 / 9.03 
1087 / 16.29 
1067 / 6.64 
1076 / 0.12 
 
 1015 / 0.06 
 909 / 0.05 
861 / 0.30 
 744 / 0.25 
685 / 0.23 
539 / 34.60 
531 / 15.05 
574 / 0.33 
458 / 7.80 
446 / 7.20 
 
366 / 0.64 
328 / 0.60 
317 / 1.37 
292 / 1.13 
248 / 1.02 
215 / 1.13 
 
153 / 6.53  
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Figure 1 Raman and infrared spectra of the stichtite in the 950 to 1150 cm-1 region. 
 
Figure 2 Raman spectrum of the stichtite in the 100 to 600 cm-1 region and infrared 
spectrum in the 600 to 1000 cm-1 region. 
 
Figure 3 Infrared spectrum of stitchtite in the 1150 to 1750 cm-1 region. 
 
Figure 4 Infrared spectrum of stitchtite in the hydroxyl stretching region. 
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